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METHOD FOR DETECTING AND
COMPENSATING FOR DEFECTIVE
PRINTING NOZZLES IN AN INKJET

PRINTING MACHINE FOR REDUCING
UNUSABLE PRINTS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the prionty, under 35 U.S.C. §
119, of European Patent Application EP 20159963.6, filed
Feb. 28, 2020; the prior application 1s herewith incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The ivention relates to a method for detecting and
compensating for defective printing nozzles 1n an inkjet
printing machine and for optimizing the process in terms of
unusable prints.

The technical field of the invention 1s the field of digital
printing.

When nkjet printing machines are 1n operation, one of the
crucial parameters that determine the 1mage quality of the
printed products that are created 1s the condition of the
printing nozzles of the inkjet printing heads that are used in
the printing machine. The condition of the printing nozzles
may be described in more detail on the basis of various
characteristics, among them the amount of ink they apply,
also referred to as the nozzle amplitude, as well as the
deviation of the printed dot of an individual printing nozzle
from the respective desired location, also known as the
phase of the printing nozzle. In addition to those parameters,
there are further important parameters such as the impulse
response of the actuating signal of the individual piezoelec-
tric elements for regulating the 1nk jetted by the imndividual
printing nozzle. If the condition of a printing nozzle dete-
riorates—a fact that may be quantified and evaluated on the
basis of those parameters—a printing nozzle may fail com-
pletely or its printing behavior may deteriorate to such an
extent that the nozzle needs to be deactivated. In both cases,
the defective printing nozzle needs to be compensated for.
However, that involves an increased constructional and
financial eflort. A more preferred approach in multicolor
printing 1s to use the other colors at the location of a
defective printing nozzle to compensate for the failed or
defective printing nozzle or, in single-color or multicolor
printing, to compensate by increasing the amount of 1nk
jetted by immediately adjacent printing nozzles.

There are various known approaches to detecting defec-
tive printing nozzles, among them are, for instance:

1. Detection by using a printed printing nozzle test chart that
1s subsequently evaluated.

2. Detection by using a gray value/solid-tone area printed on
test sheets subsequently to be evaluated because 1n such
areas defective printing nozzles are especially easy to 1den-
tify. Self-learning algorithms such as a SVM (Support
Vector Machine) model may additionally assist 1in the evalu-
ation of the gray value/solid-tone area.

3. The evaluation of a gray value/solid-tone area but online
during production printing.

4. Preventive detection by using current measurements at the
printing head.

5. Detection by searching for “white lines” (camera pixels)
in the digitally recorded image of the customer.
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However, each one of those approaches has specific
disadvantages. For instance, detection by using a printed

printing nozzle test chart involves an extremely high number
of Talse positives at a 100% detection rate, a lot of unusable
prints, sluggish detection of defective nozzles only after
seven sheets, for 1mstance, 1f one test chart 1s printed with
color rotation, and no inherent prevention. Detection by
using a gray value/solid-tone area printed on a test sheet also
involves unusable prints, 1s a sluggish defective nozzle
detection process and likewise does not include prevention
measures. An evaluation of gray value/solid-tone area online
during production printing i1s highly dependent on compen-
sation parameters, wastes a lot of paper because multiple
gray value/solid-tone areas are required at the trailing edge
of the sheet, and likewise does not include prevention
measures. In contrast, preventive detection by using current
measurements at the printing head requires complex hard-
ware, whereas detection by searching for white lines does
not directly 1dentity the actual defective nozzle.

In that context, German Patent DE 10 2018 202027 B3,
corresponding to U.S. Pat. No. 10,603,923, discloses a
method of detecting defective printing nozzles 1n an inkjet
printing machine including a computer. For detection pur-
poses, at least one printing nozzle test chart and an area
coverage element 1n a geometric association with the multi-
row printing nozzle test chart are printed, both elements are
recorded by using at least one 1mage sensor and evaluated by
using the computer, allowing the computer to detect defec-
tive printing nozzles on the basis of thresholds, and the
detected printing nozzles are compensated for. The method
1s distinguished by evaluating the recorded area coverage
clement, the computer detects print defects and allocates the
print defects to a respective area of geometrically proximate
printing nozzles and the printing nozzles that cause the
respective defect are identified by evaluating the printing
nozzle test chart 1n that area.

BRIEF SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide a
method for detecting and compensating for defective print-
ing nozzles 1 an inkjet printing machine for reducing
unusable prints, which overcomes the heremafore-men-
tioned disadvantages of the heretofore-known methods of
this general type as much as possible and which 1s more
cilicient than the known methods of the prior art.

With the foregoing and other objects 1mn view there 1s
provided, in accordance with the mvention, a method for
detecting and compensating for defective printing nozzles 1n
an 1nkjet printing machine by using a computer, the method
comprising the steps of printing test sheets, each test sheet
including at least one printing nozzle test chart and at least
one gray area for every color separation that 1s used,
recording and digitizing the test sheets including subsequent
pixel-nozzle mapping and amplitude/phase value determi-
nation by the computer, taking current measurements at the
printing nozzles 1in between the printing of the test sheets,
detecting whitelines by means of a camera, teaching in a
SVM model with the results of the current measurement and
the pixel-nozzle mapping and amplitude/phase value deter-
mination by the computer, applying the taught-n SVM
models to the printed customer’s images during the produc-
tion run of the mnkjet printing machine to detect defective
printing nozzles, and compensating for the detected defec-
tive printing nozzles.

Thus, the core of the method of the invention 1s to select
individual elements of the known detection methods of the
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prior art and to combine them in such a way that their
advantages are maintained but theirr disadvantages are
avoided as much as possible. Thus, the method of the
invention provides better detection quality than the indi-
vidual detection processes are capable of providing on their
own, which means that in effect, due to the combination, the
method of the mvention achieves more than the total of the
individual components known from the prior art. For
instance, the method of the imvention only requires printing
and evaluating the printing nozzle test chart and the at least
one gray area with the test sheet in the start-up phase and
using 1t to carry out the pixel-nozzle mapping and the
amplitude and phase value determination of the individual
printing nozzles. This 1s then used to teach 1n a machine
learning algornithm in the form of a SVM model, which
during production printing only checks the customer’s
images, 1.¢. the actual image objects to be printed, to detect
defective printing nozzles in a targeted way. Thus, during
production printing, no further printing nozzle test charts or
gray arcas need to be printed anymore, a fact which reduces
the amount of waste paper that 1s being produced to a
considerable extent.

Compared to the prior art approach of detecting defective
printing nozzles only 1n the customer’s 1image right from the
start, an advantage of the method of the mvention 1s that it
works 1n a much more targeted way and at a better detection
quality due to the targeted teaching-in of the SVM model
with a printing nozzle test chart and a gray area and the
checking of the respective amplitude and phase values.

Advantageous and thus preferred further developments of
the method will become apparent from the associated depen-
dent claims and from the description with the associated
drawings.

A Tfurther preferred development of the method of the
invention in this context 1s that current measurements con-
tinue to be taken at the printing nozzles between individual
print sheets that are being printed during production printing,
and evaluated by the computer, which then preventively
deactivates and compensates for printing nozzles that are
conspicuous 1n terms of the current measurements. This
improves the quality of the detection even more because
then the SVM model, which has likewise been taught in with
respect to the results of the current measurement on the
printing nozzles between the test sheets that are being
printed, may be applied to continuous current measure-
ments. Since these continuous current measurements are
always taken between individual print sheets that are being
printed during production printing and no printing speed
reductions are required 1n this process, the performance of
the printing operation 1s not affected and the detection result
1s 1mproved at the same time.

Another preferred development of the method of the
invention 1n this context 1s that 1in the process of recording
and digitizing the test sheets, the computer checks the at
least one gray area for potential print defects and excludes
the results of the current measurement and amplitude/phase
determination of those printing nozzles that are in the
specific environment of the potential print defects from the
teaching-1n of the SVM model. This 1s necessary to ensure
that the results of printing nozzles that assuredly operate
within the defined characteristic value thresholds, 1.e. are not
defective, are used to teach 1n the SVM model. Otherwise
the taught-in SVM model would include print defect data, a
tact that would prevent the application of the model for
successiul detection. In this context 1t 1s important to note
that the SVM model 1s taught 1n on the basis of functioning,
printing nozzles to allow the SVM model to detect nozzles
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that deviate from the desired behavior in a targeted way.
Theoretically, a reverse operation would be conceivable,
namely teaching 1n the SVM model on the basis of undesired
behavior corresponding to defective printing nozzles and
having the SVM model make the detection based thereon.
However, the result would be focused on detecting func-
tioning printing nozzles and would mvolve a massively
increased eflort because 1n an inkjet printing machine that 1s
fit for production, the large majority of all printing nozzles
are Tunctioning nozzles.

An added preferred development of the method of the
invention in this context 1s that 1f the computer does not find
any printing nozzles with deviating amplitude and/or phase
values 1n the specified environment of the potential print
defects, three further gray areas for the color separation 1n
question are printed i1n addition to a gray area without
printing nozzle compensation for detecting defective print-
ing nozzles and to the printing nozzle test chart for ampli-
tude/phase value determination. The three gray areas include
one 1n which the printing nozzle that has been 1dentified by
using pixel-nozzle mapping has been deactivated and com-
pensated for, one 1n which the neighboring printing nozzle
to the left has been deactivated and compensated for, and
one in which the neighboring printing nozzle to the right has
been compensated for. The computer 1dentifies the printing
nozzle that causes the potential print defect by evaluating the
three gray areas. In some cases, there may be a high
probability for print defects 1n the printed gray value areas
or, alternatively, in the generated print, to be caused by a
defective printing nozzle even though the amplitude and
phase values from the printing nozzle test chart seem
normal. In most cases, the actual printing nozzle that has
caused the defect 1s to be found in the vicinity of the region
that has been examined. Therefore, in this case, three further
gray areas are printed in one of the following test sheets. In
this process, the nozzle that was originally associated with
the defect 1s compensated for 1n the middle gray value field
and the neighboring nozzles to the left and right, respec-
tively, are likewise compensated for 1n a further gray area
printed for this purpose; then the gray areas are evaluated 1n
a corresponding way. In most cases, this process allows the
defective printing nozzle that caused the defect to be 1den-
tified.

An additional preferred development of the method of the
invention in this context 1s that during production printing,
potential print defects 1n the customer’s 1mages that have
been created are searched for, and the printing nozzle that
has caused the potential print defect 1s determined by using
the taught-in SVM model. During production printing, the
process of finding potentially defective printing nozzles in
the gray value areas as 1t 1s done on the test sheets 1s applied
to the printed customer’s 1images that have been printed as
well as recorded and digitized by the image recording
system. The taught-in SVM model then checks these poten-
tial print defects 1n the generated customer’s 1images to find
out whether or not they relate to defective printing nozzles.
For this purpose, 1t refers to the correlations 1t learned during
the set-up phase when 1t was taught the amplitude and phase
values that correspond to a defective printing nozzle and
how they manifest as print defects 1n a gray value 1image that
1s similar to a printed image/customer’s image. This likewise
applies to the correlation between the results of the current
measurement at the printing nozzles that are located 1n the
position of the potentially defective printing nozzles as
determined on the basis of the gray value area. This knowl-
edge enables the taught-in SVM model to assess whether
image defects 1n the customer’s 1image correspond to gray
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arca 1mage defects that correspond to a printing nozzle that
1s defective 1n terms of phase values, amplitude values and
the result of the current measurement.

A concomitant preferred development of the method of
the 1nvention 1n this context 1s that both the test sheets and
the printed 1mages created during production printing are
recorded and digitized by using an inline 1image recording
system and evaluated and that the computer 1s an 1mage-
processing computer of the iline 1image recording system.
It would be conceivable even for the teaching-in of the SVM
model to rely on data that have been collected externally, 1.¢.
downstream of the delivery and only on the basis of existing
printed test sheets. Nevertheless, that would be much more
difficult to handle and much slower than using an image
recording system that 1s included in most mkjet printing
machines anyway, operates inline and 1n most cases has thus
been installed downstream of the last printing unit. More-
over, a quick evaluation of the produced prints by using the
SVM model 1s required during production printing to detect
defective printing nozzles as early as possible and thus to
avold an increased amount of unusable prints. External
systems are hardly capable of providing such a quick
evaluation.

Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n a method for detecting and compensating for
defective printing nozzles in an inkjet printing machine for
reducing unusable prints, 1t 1s nevertheless not intended to be
limited to the details shown, since various modifications and
structural changes may be made therein without departing
from the spirit of the invention and within the scope and
range of equivalents of the claims.

The construction and method of operation of the inven-
tion, however, together with additional objects and advan-
tages thereol will be best understood from the following
description of specific embodiments when read in connec-
tion with the accompanying drawings. The imnvention as such
as well as further developments of the invention that are
advantageous 1n constructional and/or functional terms will
be described 1n more detail below with reference to the
associated drawings and based on at least one preferred
exemplary embodiment. In the drawings, mutually corre-
sponding elements have the same reference symbols.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 15 a longitudinal-sectional view of an example of
a sheet-fed inkjet printing machine that 1s used in the context
of the invention;

FIG. 2 1s a plan view illustrating an example of a print
with a white line; and

FIG. 3 1s a schematic flow chart of the method of the
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Referring now to the figures of the drawings in detail and
first, particularly, to FIG. 1 thereot, 1t 1s seen that the field of
application of the preferred exemplary embodiment 1s an
inkjet printing machine 7. FIG. 1 shows an example of the
fundamental configuration of such a machine 7, including a
teeder 1 for feeding a printing substrate 2 to a printing unit
4, where it recerves an 1image printed by print heads 5, as
well as a delivery 3. The machine 1s a sheet-fed inkjet
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printing machine 7 controlled by a control unit or controller
6. In addition, an inline 1mage recording system 8, including
a camera system, may be provided downstream of the last
print head 5.

While this printing machine 7 1s 1n operation, individual
printing nozzles i the print heads 5 1n the printing unit 4
may fail as described above. Such a failure results 1n white
lines 10 or, 1n the case of multicolor printing, 1n distorted
color values. An example of such a white line 10 in a printed
image 9 1s shown i FIG. 2.

The method of the invention 1s schematically illustrated 1n
FIG. 3. It 1s implemented during an initializing phase of the
inkjet printing machine 7. The initializing phase may be
carried out after a washing operation. In this phase, a
printing nozzle test chart 1s printed onto test sheets 2 and
evaluated by using the image recording system 8. A com-
puter then uses i1t for a pixel-nozzle mapping process in
which the image pixels of the printing nozzle test chart that
has been digitized by the image recording system 8 are
allocated to the printing nozzles of the inkjet printing
machine 7. The control unit 6 may be used as the computer.
However, an image processing computer ol the image
recording system 8 1s the preferred computer to be used.

Current measurements of the individual printing nozzles
are taken between the individual test sheets 2 that are being
printed. For reasons of time, a complete measurement of all
printing nozzles needs to be taken cyclically between mul-
tiple print sheets. Moreover, a gray value area 1in which the
computer 6 may then look for defects 1n the form of white
lines 10 1s printed and digitized. Thus, the elements of a
printed test sheet 2 are:

a) an uncompensated gray value area to detect the artifacts
or white lines 10,

b) a printing nozzle test chart to determine amplitude and
phase,

c) three compensated gray value areas (middle, left-hand,
and right-hand printing nozzles) to identily the printing
nozzle that causes the white lines if the input values for the
SVM model (current measurement, phase, amplitude) are
INCONSpICUOUS.

Thus, 1n 1ts preferred embodiment, the method of the
invention progresses as follows:

1. After a washing operation, a customer’s job 1s selected.
2. The first sheets 2 that are printed are test sheets 2 1n
accordance with the aforementioned definition. As few test
sheets 2 as possible are printed. The number 1s a function of
the printing format, of the number of possible current
measurements between two print sheets 2, and the number
of required measuring elements to train the SVM model. An
important aspect in this context 1s to ensure that a minimum
number of current measurements 1s taken at various printing
nozzles, for instance at a minimum of 1000 nozzles.

3. In the recorded and digitized gray value area on the test
sheet 2, a search 1s made for every color to find defective
locations, 1.e. camera pixels. The measured phase, ampli-
tude, and current values of the printing nozzles that are
located 1n the environment (middle nozzlet2 printing
nozzles) of the defective camera pixels and therefore rep-
resent defective nozzle candidates are excluded from the
training of the SVM model to ensure that only correct values
are taught 1. The accumulated information, namely phase,
amplitude, current measurements ol the good printing
nozzles (that are “non-candidates™) are then used to train the
SVM model. The SVM model that has been trained 1n this
way 1s then used to 1dentily the defective nozzles among the
“candidates.” If no conspicuous printing nozzle 1s found 1n
the environment of at least one white line 10, three com-
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pensated gray value areas for the process color 1n question
are printed onto a new test sheet 2: area 1 with compensation
for the middle nozzle, area 2 with compensation for the
left-hand nozzle, and area 3 with compensation for the
right-hand nozzle 1n a manner analogous with the left-hand
nozzle. In this context, “left-hand” and “right-hand” are
understood to indicate the first left-hand/right-hand nozzle
adjacent the middle nozzle 1n accordance with pixel-nozzle
mapping. These three areas are then used to identily the
printing nozzles that cause the defect.

4. Then the customer’s 1mage 9 itsell 1s printed 1 a
production printing process. During this stage, a continuous
search 1s made for white lines 10, 1.e. defective camera
pixels, in the printed customer’s 1mage 9, and continuous
current measurements are taken for all nozzles 1 a cyclical
way. IT at least one white line 10 has been detected in the
customer’s 1mage 9, the existing measurement data are used
to find the printing nozzle that has caused 1t 1n the environ-
ment of the white lines. If no conspicuous printing nozzle
has been found for at least one white line 10, the next step
1s to repeat the initializing phase. In addition, further nozzles
are preventively deactivated with the aid of the current
measurement 1f the current measurement thresholds are
violated.

Alternatively, the method also works without the current
measurements at the nozzle channels. In an alternative
method without current measurements, the SVM model 1s
trained with phase and amplitude. Subsequently, white lines
10 1n the form of “defective” camera pixels are looked for
in the customer’s image 9 while the latter 1s being printed.
The nozzle that caused the defect 1s then 1dentified with the
aid of a printing nozzle test chart and the three gray value
arcas with compensation that are printed onto a separate
interjected test sheet 2 or onto the leading or trailing edge of
an oncoming sheet 2 bearing the customer’s 1image 9.

Nevertheless, current measurements result in a more
accurate SVM model and help to reduce false positives and
achieve more true positives. In addition, fewer unusable
prints are produced. Therefore, the embodiment including
current measurements 1s particularly preferred.

In summary, an advantage of the method of the mnvention
1s that fewer unusable prints are created because the method
does without test charts such as printing nozzle test charts or
gray value areas at the trailing edge of the sheet 2. Moreover,
it has more true positives/fewer false positives due to the
combination of current measurements and data referring to
phase and amplitude.

The following 1s a summary list of reference numerals and
the corresponding structure used in the above description of
the 1nvention:

1 feeder

2 current printing substrate/current print sheet

3 delivery

4 1nkjet printing unit

5 1nkjet printing head

6 computer

7 1nkjet printing machine

8 1mage recording system including (a) camera(s)
9 print 1mage/customer’s 1mage

10 white lines

The invention claimed 1s:

1. A method for detecting and compensating for defective
printing nozzles in an inkjet printing machine, the method
comprising;
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printing test sheets each including at least one printing
nozzle test chart and at least one gray area for every
respective color separation being used;

recording and digitizing the test sheets with subsequent
pixel-nozzle mapping and amplitude/phase value deter-
mination carried out by a computer, and using the

computer to examine the at least one gray area for
potential print defects when detecting and digitalizing
the test sheets:

taking current measurements at the printing nozzles 1n
between the test sheets being printed;

teaching 1n a SVM model with results of the current
measurement and pixel- nozzle mapping and ampli-
tude/phase determination carried out by the computer;

applying the taught-in SVM model to printed, recorded
and digitized customer’s 1mages to detect defective
printing nozzles during production printing on the
inkjet printing machine;

during production printing, searching for potential print
defects 1n the customer’s images having been produced
and then 1dentifying the printing nozzle having caused

the potential print defect by using the taught-in SVM
model; and

compensating for the detected defective printing nozzles.

2. The method according to claim 1, which further com-
prises taking further current measurements in between ndi-
vidual print sheets being printed during production printing
to be evaluated by the computer, for preventively deactivat-
ing and compensating for nozzles being conspicuous 1n
terms of the current measurements.

3. The method according to claim 1, which further com-
prises recording, digitizing and evaluating both the test
sheets and the customer’s 1mages produced during produc-
tion printing by using an inline 1mage recording system, and
using an i1mage-processing computer of the inline image
recording system as the computer.

4. The method according to claim 1, which further com-
prises, excluding the results of current measurements and
amplitude/phase value determination of nozzles 1n a defined
environment of potential print defects from the teaching-in
of the SVM model.

5. The method according to claim 4, which further com-
prises, when the computer does not find any printing nozzles
with at least one of deviating amplitude or deviating phase
values 1n the specified environment of the potential print
defects:

printing three further gray areas for a color separation 1n

addition to a gray area without printing nozzle com-
pensation for detecting defective printing nozzles and
in addition to the printing nozzle test chart for ampli-
tude/phase value determination;

the three gray areas including one gray area in which the

printing nozzle having been 1dentified by using pixel-
nozzle mapping has been deactivated and compensated
for, one gray area in which a neighboring printing
nozzle to the leit has been deactivated and compensated
for, and one gray area in which a neighboring printing,
nozzle to the right has been deactivated and compen-
sated for;

and using the computer to i1dentily the printing nozzle

causing the potential print defect by evaluating the
three gray areas.
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